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I. INTRODUCTION
The United States government provided almost $14 billion in
renewable energy tax incentives in 2011.1 Government support for
renewable energy has increased the generation of electricity from
intermittent renewable sources such as wind and solar. More renewables
in the electricity mix means fewer carbon emissions. Using present
technology, intermittent enerly sources can reliably provide up to twenty
percent of the electricity mix. However, increasing renewable generation
above twenty percent will require better weather forecasting, improved
coordination, increased grid capacity or more storage capacity.3 Batteries
and electrical energy storage technologies straddle two major energy
sectors: transportation and the grid.
Unfortunately, compared to other types of technology, battery
technology has not made much progress since Allesandro Volta created
the first battery in 1800.4 Over the last two centuries storage capacity for
batteries has increased by only about five percent per year, in contrast to
"Moore's Law" in semiconductors, "in which the number of transistors on
each chip has doubled every eighteen months over a period of decades." 5
Today's electrical energy storage approaches suffer from limited energy
and power capacities, lower-than-desired rates of charge and discharge,
TERRY DINAN & PHILIP WBRE, CONG. BUDGET OFFICE, FEDERAL FINANCIAL SJPPORT
FOR THE DEVELOPMENT AND PRODUCTION OF FUELSAND ENERGY TECHNOLOGIES 5
(Mar. 2012), available at http://www.cbo.gov/sites/default/files/cbofiles/attachments/03-
06-FuelsandEnergy.Brief.pdf [hereinafter FEDERAL FINANCIAL SJPPORT].2 DEBRA LEW, ET AL., NAT'L RENEWABLE ENERGY LAB., NREL/TP-5500-50067, How
Do HIGH LEVELS OF WIND AND SOLAR IMPACT THE GRID? THE WESTERN WIND AND
SOLAR INTEGRATION STUDY 6 (Dec. 2010), available at
http://www.nrel.gov/wind/systemsintegration/pdfs/2010/lew-wwsis grid impact.pdf
SId. at 10.
4 ROBERT F. %RviCE, GETTING THERE, 332 SCIENCE 1494, 1495 (2011).
Id.
73
LIGHTING IN A BOTTLE: USING TAx POLICY TO SOLVE RENEWABLE
ENERGY'S STORAGE CHALLENGES
cycle life limitations, low abuse tolerance, high cost, and poor
performance at high or low temperatures.6
Intermittent renewable energy sources require balancing to smooth
out high levels of generation during peak wind and solar exposure and to
provide power when the wind is not blowing or the sun is not shining.7
This balancing must be done with dispatchable power, either hydropower
or gas turbines.8 Energy storage technology requires capital investment.9
The market will not support capital investment in storage technology
unless fossil energy costs become and remain higher than renewable
energy costs. This paper will explore the potential for using tax policy to
encourage research and innovation into improvements in energy storage
technology for grid applications.
First, this paper will describe the energy storage problem and its
link to government subsidies. Fossil energy sources do not require the
same type of storage capacity, so this is primarily a renewable energy
issue. Generally, the United States has preferred using incentives to
encourage renewable energy rather than implementing policies
discouraging fossil energ ' use, although either method would provide the
necessary market signal.' Next, this paper will review the current state of
energy storage technology development and prospects for innovation,
6 CHAD AUGUSTINE ET AL., NAT'L RENEWABLE ENERGY LAB., NREL/TP-6A20-52409-2,
Renewable Electricity Futures Study Volume 2: Renewable Electricity Generation and
Storage Technologies 12-34, (M.M. Hand et al. eds., 2012) availableat
http://www.nrel.gov/docs/fyl2osti/52409-2.pdf.
7 THOMAS ACKER & CARSON PETE, NAT'L RENEWABLE ENERGY LAB., WESTERN WIND
AND SOLAR INTEGRATION STUDY: HYDROPOWER ANALYSIS 1-2 (Mar. 2012), available
at www.nrel.gov/docs/fyl2osti/53098.pdf.
8Id at 1-1.
9DANIEL RASTLER, ELECTRICITY ENERGY STORAGE TECHNOLOGY OPTIONS: A WHITE
PAPER PRIMER ON APPLICATIONS, COSTS AND BENEFITS (2010).
'
0 &e Roberta F. Mann, Back to the Future: Roniradations and Preaictions for
Gramar Tax Policy, 88 ORE. L. REv. 355, 400 (2009).
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focusing on energy storage for electrical generation. While there has been
some sporadic market interest in battery and other forms of energy storage
technologies, so far the market has not provided adequate stimulus for
development. Then, the paper will assess current governmental support in
the United States for energy storage research and development. Finally,
this paper will make some recommendations for encouraging more rapid
development and deployment of improved energy storage technology
through environmental taxation.
II. BACKGROUND
A. Renewable Energy Challenges
Before 2005, electricity and transportation in the United States
were dominated by fossil energy." During that period, fossil energy
received almost all of the federal government's subsidies for energy.12
Today, in 2013, electricity and transportation are still dominated by fossil
energy, but since 2005, a majority of the governmental subsidies for
energy have gone to renewable sources.' 3  Sixty-eight percent of the
energy used in the United States either generates electric power or fuels
transportation.14  Additional electricity is used in the residential and
commercial sectors.' 5  Electricity represents forty-three percent of the
11 U.S. ENERGY INFO. ADMIN., U.S. DEP'T OF ENERGY, ANNUAL ENERGYREvIEw201 1 at
7 (2012), available at http://www.eia.gov/totalenergy/data/annual/pdf/aer.pdf [hereinafter
AER 201].
12 Feeral Financal Apport for Fuals and Energy TeahnologSi Before the H.
Siboonm on Energy, 113th Cong. 2 (2013) (testimony of Terry M. Dinan, Cong. Budget
Office Senior Advisor) available at
http://www.cbo.gov/sites/default/files/cbofiles/attachments/03-12-
EnergyTechnologies.pdf.
13 %eU.S. ENERGY INFO. ADMIN., U.S. DEP'T OF ENERGY, DIRECT FEDERAL FINANCIAL
INTERVENTIONS AND SUBSIDIES IN ENERGY IN FISCAL YEAR 2010 xviii (2011), available
at http://www.eia.gov/analysis/requests/subsidy/pdf/subsidy.pdf [hereinafter USEIA,
SUBSIDIES].
14 AER 2011, supra note 12, at 37.
" Id at 40.
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energy consumed by households.16  Renewable energy constitutes 9.1
percent of the overall primary energy consumption in the United States,' 7
but in some areas renewable energy generation exceeds twenty percent.
Renewable energy comes in many different forms: hydropower,
biomass, geothermal, wave and tidal energy, solar, and wind. As this
paper is about energy stora e, it will focus on those types of renewable
energy that require storage.
Fossil energy comes with its own storage, although some forms are
more conveniently stored than others; coal can be piled up next to the
power plant; oil and gas can go through pipelines; and nuclear material
can be stored, although storing enriched uranium has its own challenges. 20
Hydropower may require large amounts of storage, typically in
open reservoirs.21 Some of the largest hydropower plants in the United
States were built in the 1930s; the Hoover Dam (construction started 1930,
current capacity 2,080 Megawatts ("MW")W), the; Grand Coulee Dam
(construction started 1933, current capacity 6,803 MW), and the
Bonneville Dam (construction started 1933, current capacity 1,189
MW). 22  In the 1940s, hydropower provided about one-third of the total
16 Id at 50.
I /d at 37.18 U.S. ENERGY INFO. ADMIN., U.S. DEP'T OF ENERGY, SrATE RENEWABLE ELECTRICITY
PROFILEs2010 (2012) availableat http://www.eia.gov/renewable/state/pdf/srp2010.pdf.
19 ACKER & PETE, s1pra note 8, at 1-2.
20 9Juan S. Giraldo, et al., Fundaantalsof Nudear Powe 13 (2012),
http://www.purdue.edu/discoverypark/energy/assets/pdfs/SUFG/publications/SUFG%20n
uclear/o20report.pdf.
21 Hydropower may be generated by storing water behind dams and then letting it out in
controlled fashion, or may be "run of the river" plants, in which the turbines are placed in
the river without storing water behind a dam.
22 U.S. Soc'Y ON DAMS, Hydropower and Aervoir Satidic4 available at
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United States's. electricity supply.2 3 In 2008, hydropower provided about
six percent of the total United States's. electricity supply.24 Nature, in the
25form of snow pack, provides storage assistance to hydropower projects.
Climate change impacts both the availability of water and the timing of
snowmelt runoff, thus impacting electricity generation. Although
hydropower does face storage challenges, it is a mature technology that
provides steady state power to the electrical grid, unlike wind and solar,
which generate power intermittently.
Wind and solar energy hold sigificant promise for expansion with
little adverse environmental impact. A National Renewable Energy
Laboratories ("NREL") study found that with available technologies, wind
and solar could supply close to fifty percent of United States' electricity
needs by 2050.27 While the United States' land based wind generation
capacity is estimated at 10.4 million MW, the actual installed capacity as
of 2012 is only 60,000 MW, less than one percent of the potential
capacity.28 Wind power produced almost 2.4 percent of United States'
U.S. DEP'T OF INTERIOR, BUREAU OF RECLAMATION, The Hisory of Hydropower
Devdopnat in the United Sates (2009), http://www.usbr.gov/power/edu/history.html.
24 Id. By 1949, however, the hydropower energy percentage had declined to less than 10
percent. SiealSDAER 2011, Spra note 112, at 7.Sbe, ag, Sara A. Rauscher, et al., Future Changes in Sowmt-Driven A.noff Tining
Over the WVtern U.S, 35 Geophysical Research Letters L16703 (2008).26 Enironjntal Inpads of PAiewable Energy Teinologies UNION OF CONCERNED
SCIENTISTS (Mar. 5, 2013) http://www.ucsusa.org/clean energy/our-energy-
choices/renewable-energy/environmental-impacts-of.html.
27 TRIEU MAI, ET AL., NAT'L RENEWABLE ENERGY LAB., NREL RENEWABLE FUTURES
STUDY, ExECUTIvE SUMMARY, at 13 (2012), available at
http://www.nrel.gov/docs/fyl 3osti/52409-ES.pdf.
28 AMERICAN WIND ENERGY ASSOCIATION, INDUSTRY STATISTICS,
http://www.awea.org/learnaboutlindustrystats/ [hereinafter AWEA INDUSTRY
STATISTICS]. SealsoNAT'L RENEWABLE ENERGY LAB., ESTIMATES OF WINDY LAND
AREA AND WIND ENERGY POTENTIAL, BY STATE (Apr. 13, 2011),
http://www.windpoweringamerica.gov/windmaps/resourcepotential.asp
77
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electrical needs in 2010.29 Wind generation capacity has increased rapidly
since 2005 with almost 50,000 MW of capacity added.3o The federal tax
benefits for renewable energy, in particular the production tax credit
("PTC"), have been credited in large part for this expansion.3'
Solar energy has also rapidly expanded, but remains less than one
percent of the total electricity generation. 32 Solar is the most abundant
renewable resource. NREL estimates the total potential solar generation
capacity in the United States to be over 100 million MW. 33 In 2011, total
installed solar generating capacity in the United States was slightly more
than 4,000 MW.3 4 Federal and state tax benefits for solar energy have
been crucial to the continued deployment of the technology. 35
29 CHAD AUGUSTINE, ET AL., NAT'L RENEWABLE ENERGY LAB., NREL RENEWABLE
FUTURES STUDY, VOL. 2, at 11-1 (2012), available at
http://www.nrel.gov/analysis/re futures/.30 AWEA INDUSTRY STATISTICS, s1pra note29.
31 PHILLIP BROWN, CONG. RESEARCH SERV. R42576, U.S. RENEWABLE ENERGY: How
DOES THE PRODUCTION TAX CREDIT (PTC) IMPACT WIND MARKETS? 7-8(2012); RYAN
WISER, MARK BOLINGER, AND GALEN BARBOSE, USING THE FEDERAL PRODUCTION TAX
CREDIT TO BUILD A MARKET FOR WIND POWER IN THE UNITED STATES 1 (Nov. 2007).
32 AUGUSTINE, ET AL., supra note 30 at 10-1.
1 MAI, ET AL., supra note 28, at 12.
34 AUGUSTINE, ET AL., Supra note 30 at 10-1.
35 Michael Mendelsohn and Claire Kreycik, Federal and Sate Sructures to Sipport
Finandng Utility-Sale &lar Projaxts and the Bunass Modds Daigned to Utilize
Thern2 (NREL April 2012), available at http://www.nrel.gov/docs/fyl2ostil48685.pdf.
Mendelsohn and Kreycik also note that the Federal grant-in-lieu of tax credit program
provided lower cost benefits than the ITC. In a poll conducted by NREL, industry
participants indicated that the transaction costs to monetize the ITC represented 23% of
the benefit, versus only 14% of the benefit of the grant program. This transaction cost
differential is worth over $900 million. Id at 7. See also, GALEN BARBOSE, NAIM
DARGHOUTH & RYAN WISER, LAWRENCE BERKELEY NAT'L LAB. REPORT, LBNL-4121E,
TRACKING THE SUN III: THE INSTALLED COST OF PHOTOVOLTAICS IN THE U.S. FROM
1998-2009 4 (Dec. 2010), available at http://eetd.lbl.gov/ea/emp/reports/Ibnl-4121 e.pdf;
Galen Barboe% Naim Dariouth & Ryan Wiser, InstalledPV CostsPlunnetin
2010 SOLAR TODAY (Feb. 24, 2011),
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While the overall contribution of wind and solar energy may look
small as a percentage of total electricity generation, certain regions of the
U.S. derive a significant portion of their energy needs from these
alternative sources. In 2012, Iowa and South Dakota each had twenty-four
percent of their power from wind power generation. 36 Minnesota had
fourteen percent and Oregon had ten percent wind power generation.
Outside of the U.S., Denmark had thirty percent wind power generation
and Portugal had seventeen percent. 38 For solar generation, Arizona and
California are the U.S. leaders, at six and five percent, respectively.39
However, this is still tiny compared to Germany's solar contribution to
electricity generation, at fifty-four percent.40
Not only does the portion of power generated by wind and solar
vary depending on the part of the country examined, it can vary
significantly within a single day. On a windy night in April of 2012, one
power company set a U.S. record by generating fifty-seven percent of the
electricity it sold in Colorado from wind.4 1 The problem is that the
electricity grid loses reliability at wind and solar generation in excess of
twenty percent.42 Grid unreliability can lead to brownouts and blackouts.
The solutions include better weather and demand forecasting, building
more transmission lines, using smart grid technologies,43 and increasing
http://www.ases.org/index.php?option=com content&view-article&id=1356&Itemid=23
3 6 UNION OF CONCERNED SCIENTISTS (USCUSA), Parrping Up Rarewabe at 1 (Apr.
2003) [hereinafter RarrpingUp PArewablaJ.
38 Id
39 d at 4.
* Id
411d at 3.
42 DEBRA LEW, ET AL., NAT'L RENEWABLE ENERGY LAB., NREL/TP-5500-50067, How
Do HIGH LEVELS OF WIND AND SOLAR IMPACT THE GRID? THE WESTERN WIND AND
SOLAR INTEGRATION STUDY 6 (2010), available at
http://www.nrel.gov/wind/systemsintegration/pdfs/2010/lewwwsisgridimpact.pdf.
See Roberta F. Mann, Smrt Incentives for the Smrt Grid, 43 N. Mex. L. Rev. 127
(2013) [hereinafter 9rSt Incentivj.
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energy storage capacity." As will be more fully discussed in section III of
this article, persistent barriers to market development of these solutions
have hampered the transition to renewable energy. 45 The next section will
discuss the investment the government has already made in clean energy
sources via the tax system, arguing that to protect the government's
investment in renewable energy, it must also support those technologies
that allow renewable energy to be fully utilized.
B. Government Sipport for Renewable Energy
Governments have a number of ways they can show support for
energy. One way is by direct payments, which generally come from the
U.S. Department of Energy or the state equivalent. Governments can
mandate the use of an energy source via a renewable portfolio standard
("RPS"). The Federal government has not implemented an RPS for
electrical generation, but thirty-eight states (plus the District of Columbia)
have RPS's. 46 Governments can also provide loans or loan guarantees, or
tax incentives. A tax incentive reduces the amount of tax that would
otherwise be paid by the individual or company. Tax incentives may take
the form of a tax credit, which directly reduces tax liability, or a
deduction, which reduces the taxable income of the beneficiary.
Renewable energy projects generally do not create enough tax liability to
fully use the tax benefits.47 Instead, project developers seek tax equity
investors, who reap the tax benefits via complex partnership or sale-
leaseback transactions. 48 Adding to the complexity for renewable energy
"Iairping Up Aea6wables aipra note 37, at 8-10.
45 Jesse Jenkins & Sara Mansur, Bridging the Clean Energy Valleys of Death,
BREAKTHROUGH INSTITUTE (Nov. 2011),
http://thebreakthrough.org/archivelbridging_the_cleanenergyvall.
46 Database of State Incentives for Renewables & Efficiency, Rules, Regulations &
Policies for Renewable Energy, http://www.dsireusa.org/sunmarytables/rrpre.cfin.
Missouri has two RPSs: one at the state level and one at the local level in Columbia.
47 MICHAEL MENDELSOHN & JOHN HARPER, § 1603 TREASURY GRANT EXPIRATION:
INDUSTRY INSIGHT ON FINANCING AND MARKET IMPLICATIONS 4 (NREL June 2012).
48 99eROBERTA F. MANN & E. MARGARET ROWE, TAXATION, IN THE LAW OF CLEAN
80
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is the non-permanent nature of many renewable energy tax incentives.
While the major tax incentives for oil and gas, percentage depletion4 9 and
expensing of exploration and development costs50 are permanent, the PTC
for wind has expired six times since 1992, with the most recent one year
extension enacted just days after the expiration of the previous provision.5'
From 1992 to 2006, solar energy projects were elipible for the PTC,52 and
now are eligible for a 30 percent ITC until 2016. Following expiration
of the 30 percent ITC, solar energy projects will be eligible for a
permanent 10 percent ITC.54 The repeated expiration of the PTC produces
ENERGY: EFFICIENCY AND RENEWABLES 146-147 (Michael Gerrard, ed. ABA 2011).
49 26 U.S.C. §§ 611 - 613(A) (2013). Percentage depletion has been in the tax laws since
1926, although it has not been available to major oil companies since 1975. Re ROBERT
PIROG, CONG. RESEARCH SERV., R42374, OIL AND NATURAL GAS INDUSTRY ISSUES IN
THE FY 2013 BUDGET PROPOSAL (2012). Percentage depletion is similar to depreciation,
which allows a taxpayer to recover the cost of a business asset over the life of the asset.
26 U.S.C. § 167. Percentage depletion allows the taxpayer to deduct a percentage of
gross income from oil and gas production. Thus, deductions from percentage depletion
can exceed the amount invested in the project.
so 26 U.S.C. §§263(c), 291. The expensing of exploration costs, also called intangible
drilling costs (IDC), has been in the tax laws since 1913. SePIROG, supra note 50. In
most businesses, the cost of developing a product must be capitalized and may only be
deducted over time. An immediate deduction, as provided by the IDC provision,
accelerates the tax savings.
s' Original eactmnt Oct. 24, 1992, Pub. L. No. 102-486, Title XIX, § 1914(a), 106 Stat.
3020; atende firstDec. 21, 2000, Pub. L. No. 106-554, § 1(a)(7) (Title III, § 319(1)),
114 Stat. 2763, 2763A-646; atendaidsecondMarch 9, 2002, Pub. L. No. 107-147, Title
VI, § 603(a), 116 Stat. 59; atended third Oct. 22, 2004, Pub. L. No. 108-357, Title VII, §
710(a)-(d), (f), 118 Stat. 1552, 1557; eatedefourth Feb. 17, 2009, Pub. L. No. 111-5,
Div B, Title I, Subtitle B, Part I, § 1101(a), (b), 123 Stat. 319; etaded fifth Dec. 17,
2010, Pub. L. No. 111-312, Title VII, Subtitle A, § 702(a), 124 Stat. 3311; sixth andso
far last atdson Jan. 2, 2013, Pub. L. No. 112-240 Title IV, §§ 406(a), 407(a), 126
Stat. 2340. 9ealso UNION OF CONCERNED SCIENTISTS, Production Tax Credit for
Revable Energy, availableat http://www.ucsusa.org/clean energy/smart-energy-
solutions/increase-renewables/production-tax-credit-for.html.
52 Energy Tax Incentives Act of 2005, Pub. L. No. 109-58, § 1301(a)(1)-(2); Energy
Policy Act of 1992, Pub. L. No. 102-486, § 1914(a).
s 26 U.S.C. §§ 48(a)(3)(A), (a)(2)(i)(II) (2013).
" 26 U.S.C. § 48(a)(2)(A)(ii).
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uncertainty in the wind industry, which has experienced a boom and bust
cycle related to the tax credit expirations.55
The financial crisis that began in 2008 reduced the utility of tax
credits, as tax credits only produce benefit if the investor has sufficient tax
liability.5 6 In the American Recovery and Reinvestment Act ("ARRA") of
2009, Congress allowed a direct grant "in lieu of' the ITC." The grant
program proved popular, resulting in $11.6 billion awarded to qualifying
projects through May of 2012, most of which were wind projects.ss
It is not clear whether Federal support for renewable energy will
continue at the same levels, or what form it will take. Tax incentives are
generally considered less cost-effective than other alternatives that might
encourage renewable energy, such as carbon pricing.59 The Congressional
Budget Office ("CBO") listed three reasons why subsidies are less
efficient than incorporating external costs into energy prices. 60 First, the
subsidies may result in a windfall to consumers or companies, paying
them to do what they would have done otherwise.6' Second, subsidies are
generally targeted at particular technologies, rather than letting the market
decide which technologies are most cost-effective. 62 Finally, subsidies
increase government expenditures or reduce revenues, leading to increased
55 Kate Galbraith, Future of Sblar and Wnd Power May Hinge on Federal Aid, N.Y.
TIMES, Oct. 26, 2011 atF5. %ealsp, RYAN WISER & MARK BOLINGER, U.S. DEP'T OF
ENERGY, DOE/GO-102008-2590, ANNUAL REPORT ON U.S. WIND POWER
INSTALLATION, COST, AND PERFORMANCE TRENDS: 2007 ( 2008), available at
http://www.nrel.gov/docs/fy08ostil43025.pdf.
56 SgeAUGUSTINE, supra note 30 and accompanying text.
57 The American Recovery and Reinvestment Act of 2009, Pub. L. No. 111-5, § 1603
(2009).
58USEIA, SUBSIDIES, supra note 14, at 30. MENDELSOHN & HARPER, supra note 48, at
22.
' %ieRoberta F. Mann, The Case for the Carbon Tax: How to Overcome Politics and
Find Our Grem Destiny 39 ENVTL. L. REP. 10118 (2009).60FEDERAL FINANCIAL SUPPORT, supra note 2, at 9.
61 Id621d
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deficits or need for increased taxes. 63 In the quest to reduce on-going
federal deficits, both sides propose changes to energy tax policy.64 The
House of Representatives proposed elimination of renewable energy tax
65 6subsidies. President Obama proposed repeal of oil and gas subsidies.
In summary, the Federal government has provided significant
support to renewable energy, with cumulative subsidies totaling $38
billion.67 States have also invested significantly in supporting renewable
energy, investing $3.4 billion from 1998 through 2011.6 While this level
of investment is dwarfed by the $446.96 billion (in 2010 equivalent
dollars) in government fossil fuel support from 1918 through 2010,69 the
government's investment in renewable energy as well as the potential for
additional renewable resources for electricity generation should be
sufficient to warrant investment in infrastructure and technology to ensure
that the renewable energy resources can be fully utilized by Americans. In
addition, increasing renewable energy generation will improve public
health by reducing pollution and climate changing carbon emissions. The
U.S. Environmental Protection Agency ("EPA") estimates that electricity
generation is responsible for sixty-seven percent of sulfur dioxide
63 Id
64
65 Se Jonathan Weisman, House Bill Takesa Sythe to e'ding, NY TIMES (June 5,
2012), http://www.nytimes.com/2012/06/06/us/house-bill-takes-a-scythe-to-
sending.html.
AS Helene Cooper & Jonathan Weisman, Obama Seks to End Sibsidies for Oil and
Gas Corrpanies NYTIMES (Mar. 1, 2012),
http://www.nytimes.com/2012/03/02/us/politics/obama-calls-for-an-end-to-subsidies-for-
oil-and-gas-companies.html?_r=O.
67 NANCY PFUND & BEN HEALEY, WHAT WOULD JEFFERSON Do: THE HISTORICAL ROLE
OF FEDERAL SUBSIDIES IN SHAPING AMERICA'S ENERGY FUTURE 29-33 (2011), available
athttp://www.dblinvestors.com/documents/What-Would-Jefferson-Do-Final-
Version.pdf.
68 CLEAN ENERGY STATES ALLIANCE, THE RISING TIDE OF STATE-SUPPORTED
RENEWABLE ENERGY PROJECTS 4 (2012), available at
http://www.cleanenergystates.org/assets/2012-Files/CESA-Database-Report-October-
2012.pdf/6 9PFUND & HEALEY, supra note67, at 29.
83
LIGHTING IN A BOTTLE: USING TAx POLICY TO SOLVE RENEWABLE
ENERGY'S STORAGE CHALLENGES
emissions, twenty-three percent of nitrogen oxide emissions, and forty
percent of anthropogenic carbon emissions. 70
Implementing more extensive use of renewable energy for
electricity generation will require some combination of better weather and
demand forecasting, additional transmission lines, smart grid technologies,
and energy storage capacity.7  In a previous article, I discussed the
benefits of smart grid technologies and how tax incentives could
encourage greater use of those technologies. 72 Significantly, use of smart
grid technologies could reduce the need to build transmission lines, a
costly, lengthy, and controversial process. Like smart grid technologies,
the ability to store electricity generated by wind and solar resources could
reduce the need to build transmission lines and increase grid reliability.
The next section will review the current status of energy storage
technology development and prospects for innovation.
III. CURRENT STATUS OF ENERGY STORAGE TECHNOLOGY DEVELOPMENT
AND PROSPECTS FOR INNOVATION
Energy storage systems allow power to be stored and used at a
later time, thus extending the operating capabilities of the electrical grid.
The Department of Energy ("DOE") estimates that modernizing the
electrical grid may require between ten and 100 gigawatts of storage over
the next five to ten years.74 While energy storage provides a number of
benefits for the electrical grid, such as flexibility, generation and
distribution, and increased reliability, most storage options are in the early
7 0 Air Enissiong U.S. ENVTL. PROT. AGENCY (Sept. 25, 2013),
http://www.epa.gov/cleanenergy/energy-and-you/affect/air-emissions.html.
71 Parrping Up PAmewablag supra note 37, at 8 - 10.
72 iat incetivSe supra note44.
7 Id at 133-34, 142-43.
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phases of development.7 5 The Electric Power Research Institute ("EPRI")
notes:
A confluence of industry drivers-including
increased deployment of renewable generation, the high
capital cost of managing grid peak demands, and large
capital investments in grid infrastructure for reliability-is
creating new interest in electric energy storage systems.
Energy storage can take different forms. The battery may be what
most of us think of as energy storage, but energy storage options also
include pumped storage hydro ("PHS"), compressed air storage
("CAES"), flywheels, and thermal energy storage. 7 While energy storage
can help with many electrical grid functions, some of which are highly
technical in nature, this article will focus on the renewables integration
function of energy storage. Grid storage applications can be divided into
two categories: power and energy management. 79 Power applications
require rapid response over a short period of time, from minutes to less
than an hour.80 Energy management requires several hours of discharge
capacity. 8 For renewable integration, the main challenge is energy
management.82 Energy storage provides three benefits related to
renewables integration: allowing time shifting of energy use; 83 permitting
greater use of renewables by reducing conventional generation capacity
7 RASTLER, alpra note 10, at ix.
7Id, at 1-1.
n JIM EYER & GARTH COREY, SANDIA NAT'L LABS., ENERGY STORAGE FOR THE
ELECTRICITY GRID: BENEFITS AND MARKET POTENTIAL ASSESSMENT GUIDE 12-13
(2010), available at http://prod.sandia.gov/techlib/access-control.cgi/2010/100815.pdf.
78 Id. at 21 (citing five categories of energy storage applications).79 PAUL W. PARFOMAK, CONG. RESEARCH SERV., R42455, ENERGY STORAGE FOR POWER
GRIDS AND ELECTRIC TRANSPORTATION: A TECHNOLOGY ASSESSMENT 5 (2012).80/d
81 Id
82 Id
83 EYER & COREY, sipra note 77, at 95.
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needs; 84 and reducing volatility while improving power quality.8 1 Using
wind as an example, wind tends to blow more strongly at night, thus
storage would enable later use of the excess energy." In contrast, solar
energy is only available during the day. The later use of the excess energy
would also reduce the need to buy or generate energy by conventional
means during peak demand periods. If the excess energy could be stored,
then it can be used when the wind is not blowing, thus reducing volatility.
Despite the need for energy storage, few large grid integrated
storage systems are in operation in the United States.8' Existing utility-
scale electrical storage capacity is approximately two percent of the total
generation capacity. Because energy storage systems provide benefits
simultaneously to the electrical system, utilities, and consumers, it is
difficult to allocate the costs to the beneficiaries.89 Thus, ironically, the
actual benefits of energy storage create barriers to widespread deployment.
Energy storage systems may be less expensive than using standby gas
generation, particularly if carbon emissions are taken into account, but
energy storage costs are capital in nature (incurred up front) in contrast
with the ongoing fuel costs of gas generation. 90
PSH is the most widely used grid-sized electrical storage system,
representing ninety-nine percent of worldwide total storage capacity.9'
'Id. at 98.
" Id at 102.
86 Sonia Wharton and Julie K. Lundquist, Atmospheric stability affects wind turbine
power collection 4, 2012 Envtl. Res. Lett 7 014005 (Jan. 12, 2012), available at
http://ioscience.iop.orp-/1748-9326/7/1/014005.
87 RASTLER, supra note 10, at ix.88 PARFOMAK, supra note 79, at 11.89 RASTLER, supra note 109, at vii.
9 M.C.W. KINTNER-MEYER, ET AL., PAC. N.W. NAT'L. LAB., ENERGY STORAGE FOR
POWER SYSTEM APPLICATIONS: A REGIONAL ASSESSMENT FOR THE NORTHWEST POWER
POOL (NWPP) 5.6, 7.2 (2010).
9' RASTLER, s1pra note 109, at 1-3 to 1-4.
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PSH requires two reservoirs at different heights.92 Water is pumped from
the lower to the higher reservoir during off-peak demand times, and then
released back to the lower reservoir when additional power is needed. 93
Natural siting of PSH is limited, therefore new forms of PSH that can be
more easily sited are in the early stages of development. 94 Even where
natural storage is available, the high capital costs of constructing PSH may
outweigh the benefits.9 5
CAES works on the same principle as PSH, but using air instead of
the water as the medium of energy storage.96 The compressed air can be
stored in natural repositories, such as abandoned salt mines.97 The air is
compressed using off peak energy and then released during peak energy
demand. There are only two commercial CAES plants, one in the United
States and one in Germany. 99 CAES technology has not yet demonstrated
cost-effectiveness, and current CAES uses fossil energy, typically natural
gas, to perform the compression. 00 Advanced second generation CAES
plants have higher efficiency and one type, "adiabatic CAES" consumes
little or no fossil energy.lot
Flywheels operate on the same principle as a wind-up clock.102
They operate by storing kinetic energy, and provide up to ninety percent
92 EYER & COREY, supra note 77, at 12.
9 Id.
94 Pacdng nmepower, THE ECONOMIST, Mar. 3, 2012, available at
http://www.economist.com/node/21548495.
9INTNER-MEYER, ET AL., supra note 91, at 7.1.96 EYER & COREY, supra note 77, at 12.97Paddng omepower, supra note 94.
EYER & COREY, supra note 77, at 12.
RASTLER, supra note 10, at 4-4.
'0Zhenguo Yang, at al., Enabling Aewable Enery- and the Future Grid - with
Advancei Eectridty Sorage 62.9 J. of Metals 14, 18 (2010), available at
hp://www.tms.org/pubs/journals/jonI009/yang-1009.html.
RASTLER, sUpra note 10, at 4-5.
102 How Does It Mbrk: How a Mechanical Cock Wbrks NAT'L WATCH & CLOCK
COLLECTORS, INC.,, available at http://nawcc.org/index.php/just-for-kids/about-
time/how-does-it-work.
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efficiency.103 While they have a rapid response time, and thus are good
for frequency regulation, which may be required with renewable
integration, they are not suitable for large-scale grid energy storage.1
Thermal storage may involve creating ice at off-peak hours and
using it for cooling needs. 05 Thermal storage may also involve a molten
salt system, typically paired with a concentrating solar power ("CSP")
plant. 06 Two CSP plants in Spain include molten salt systems that can
store up to seven and a half hours of peak-load energy.'o 7 While the
United States was the initial leader in installed CSP, Spain now has fifty-
seven percent of CSP installations by capacity, and the United States has
no thermal storage associated with its CSP plants.108
Innovations in batteries hold the most promise for energy storage,
but research breakthroughs have proved elusive.109 The lead-acid battery
is the most mature energy storage technology, but is considered
inappropriate for utility-sized storage because of its heavy weight, large
bulk, life cycle limitations, and perceived reliability problems.o10 It has
low energy density and a low cycle life.'" Sodium sulfur ("NaS")
batteries are also a mature technology, but operate at high temperatures,
which leads to technical challenges. Another form of sodium battery,
the ZEBRA cell, shows potential advantages, but is in the early stages of
commercialization."l 3  Liquid electrolyte flow batteries are also in the
103 EYER & COREY, supra note 77, at 14.
1 RASTLER, 81pra note 10, at 4-14.
105 EYER & COREY, Supra note 77, at 13.
'oU.S. DEP'T OF ENERGY, SUNSHOT VISION STuDY 30 (2012), available at
wwwl.eere.energy.gov/solar/pdfs/47927.pdf.
107 Id
10 Id. at 30-31.
109 PARFOMAK, supra note 79, at 6.
110 RASTLER, supra note 10, at 4-6.
11 PARFOMAK, supra note 79, at 34.
112 Id at 35.
113 Id at 36.
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early stages of commercialization.11 4  Flow batteries store energy as
charged ions in separate positive and negatively charged electrolyte
tanks." 5  The system can be repeatedly discharged and charged." 6
Vanadium redox batteries are flow batteries that use the same type of
electrolyte for both the positive and negative tanks, which provides
potential opportunities for increased cycle life." 7 Lithium ion ("Li-ion")
batteries are mature technology for consumer electronic products, and are
reaching commercial potential in transportation applications." 8
EPRI concludes "no single storage system can meet all the
application needs of the power grid," 9 and many energy storage options
are not yet 'grid ready." o20 The U.S. DOE cites a number of challenges to
development of grid sized electrical storage. First, most of the
technologies are not competitive in capital cost or life cycle cost to
achieve market penetration.121 PSH and CAES may have low enough life
cycle costs, but site selection, high capital costs, long construction time,
and potential environmental issues limit their use. 2 Second, utilities
require assets with a long life (more than ten years preferred), minimal
maintenance, and long cycle life (more than 4,000 cycles preferred).123
Most energy storage technologies have not yet proved their long-term
reliability and durability.124 Utilities are risk averse, and not likely to
invest in emerging technologies.125  Finally, as noted above, because
114 Id
115 RASTLER, supra note 10, at 4-11.
"16 Id117 /d
"' Id. at 4-17.
"9 Id. at 5-7.
120 /d at 6.
121U.S. DEP'T OF ENERGY, alpra note 74, at 14.
122 /d
123 /d
125 Id at 15.
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energy storage systems provide multiple benefits to different beneficiaries,
it is difficult to clearly illustrate those benefits to the market.126
Participants in a clean energy roundtable conducted by the Pew
Charitable Trusts and the Pew Environment Group found the clean energy
sector to be disadvantaged by policy uncertainty, making it difficult for
emerging industries to find investment capital and develop supply
chains. Energy is a commodity, differentiated by the consumer solely
on price. It is difficult to enter a commodity market with a new
technology and immediately compete on cost, and clean energy faces a
dominant competitor in the form of the fossil fuel industry.128 In addition,
the market does not account for externalities: the health, environmental,
security and infrastructure costs of fossil energy that are borne by society
rather than the fossil fuel industry.129 Energy storage faces both the
"technological valley of death" and the "commercialization valley of
death" described by Breakthrough Institute scholars Jesse Jenkins and
Sara Mansur.130 The "technological valley of death" occurs when an idea
that shows promise in research seeks capital to develop a prototype
product.13 1 The "commercialization valley of death" occurs later, when
the product is ready for large-scale production.132
Governmental action can help bridge the gap between nascent
technology and market competitiveness. Pew roundtable participants
126 RASTLER, supra note 109, at vii.
127 Pew Charitable Trusts, Innovate Manufacturg Conee: A Clean Energy Action
Plan 27-28 (2013), availableat
http://www.pewenvironment.org/uploadedFiles/PEG/Newsroom/PressRelease/Innovate,
%20Manufacture,%20Compete.pdf..
128 Jesse Jenkins, et al ., Beyond Boom and Bust: Putting Clean Tech on a Path to
&ibsidy Indqueandec BREAKTHROUGH INSTTUTE 33 (2012), available at
http://thebreakthrough.org/blog/BeyondBoom-andBust.pdf..
129 Pew, supra note 127, at 45.
130 Jenkins & Mansur, supra note 46, at 3.
'' Id at 5.
132 /d
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found the United States "is substantially under-investing in energy
research. The consensus view is that energy R&D funding should be
increased by two to five times over the fiscal 2012 level of $4.36
billion."'" Energy research is the poor step-child of private sector
R&D-R&D spending as a share of sales in the energy industry is only
0.4 percent, compared with 20.5 percent in the pharmaceutical industry,
11.5 percent in aerospace and defense, and 8 percent in computers and
electronics.134 Incentivizing R&D can help bridge the technology "valley
of death" for energy storage. As discussed in the following section, the
Internal Revenue Code provides an R&D credit, but it has serious flaws.
The commercialization "valley of death" is also faced by energy
storage technologies. Like many clean energy technologies, energy
storage applications are capital-intensive.135 Venture capital funds are not
structured to invest in large-scale projects with five to ten years before
proof of commercial viability.' 36  For example, a first manufacturing
facility capable of producing an advanced battery technology could
require hundreds of millions of dollars to construct. 137 In 2009, ARRA
authorized $2.3 billion to be distributed in the form of thirty percent
investment tax credits to advanced energy manufacturin rojects,138 but
those funds have, for the most part, now been expended. Section V of
this article will explore new proposals to bridge the commercialization
"valley of death" for energy storage projects.
IV. CURRENT GOVERNMENT SUPPORT FOR ENERGY STORAGE
As discussed in the previous section, governments have a number
of tools for supporting energy storage projects. From 1992 through 2008,
'3 Pew, spra note 127, at 43.
134 Id
13 Jenkins & Mansur, supra note 46, at 14.
136 Id.
137 Id
131 S26 U.S.C. § 48C (2012).
'3 %IRS, Notice 2013-12 2, availableat www.irs.gov/pub/irs-drop/n-13-12.pdf.
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direct government support for energy storage was notably small-less
than $10 million per year.14 0 The 2009 stimulus bill ("ARRA") increased
the DOE budget for energy storage to $14 million for 2010 and also
provided a total of $68.3 million in 2010 and 2011 for applied research
through the Advanced Research Projects Agency-Energy ("ARPA-E")
program.141 These figures may seem impressive, but less so considering
that the DOE anticipates the size of the energy storage industry will
increase more than twenty-fold in the next ten years.142 Historically, the
federal government has spent the bulk of energy technology spending on
energy sources rather than electrical systems. Cumulative federal
spending on electrical systems from 1948 through 2012, of which energy
storage would be a small part, represents only 4.4 percent of the total
federal energy technology spending.143 However, at the end of 2012, DOE
announced a $120 million grant to the Argonne National Laboratory to
direct a five-year energy storage research project aimed at achieving
"revolutionary" advances in battery technology.144 State agencies have
also supported electrical storage demonstration projects, often in
connection with federal support.'14
Tax incentives make up the largest portion of the federal support
for energy,146 but the tax system's impact on energy storage innovation
and deployment is difficult to isolate. ARRA created the renewable
energy manufacturing credit, which provided a thirty percent investment
140 PARFOMAK, supra note 79, at 24.
141 /d
142 U.S. DEP'T OF ENERGY, alpra note 74, at 6 ("Energy storage is poised to grow from
$1.5 billion in 2010 to a $35 billion industry by 2020.")
143 FRED SISSINE, CONG. RESEARCH SERV., RS22858, RENEWABLE ENERGY R&D
FUNDING HISTORY: A COMPARISON WITH FUNDING FOR NUCLEAR ENERGY, FOssIL
ENERGY, AND ENERGY EFFICIENCY R&D 3 (2012).
'"Michael Bologna, DOE Awards Argonne Lab $120 Million for Energy Sorage
Batteryeseard, BNA GREEN INCENTIVES MoNrrOR (Dec. 3, 2012).
145 PARFOMAK, supra note 79, at 25, 40-41.
146 USEIA, SUBSIDIES, supra note 14, at xiii (showing 35.5 percent direct expenditures
vs. 43.8 percent tax expenditures for FY 2010).
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tax credit for advanced energy manufacturing equipment.147 The credit
applies to qualifying advanced energy projects that re-equips, expands or
establishes a manufacturing facility for the production of specified
advanced energy property. 48 Specified advanced energy property
includes "electrical grids to support the transmission of intermittent
sources of renewable energy, including property for the storage of sud
energy [emphasis added].' The legislation appropriated $2.3 billion, to
be allocated via an application process.' 5 0 The applicants were selected by
the IRS with DOE recommendation.' 5 ' Approximately $30.4 million of
the $2.3 billion were allocated to electrical storage projects, with another
$600,000 allocated to electric vehicle battery storage. 52
The IRS has also ruled that energy storage devices can be
considered part of a wind energy facility, and thus eligible for the 30
percent ITC.15 3 IRS private letter rulings are not precedent and apply only
to the taxpayer receiving the ruling.1 54 The facts are redacted to protect
taxpayer confidentiality, 5 5 but the ruling does show that the taxpayer's
project is in an area "where there is strong wind but insufficient
transmission capacity to bring all the electricity from the many wind farms
in the area on a consistent basis to the population centers" in the State.156
Like other wind farms in the area, the project suffers periodic
147 &e26 U.S.C. § 48C (2013).
1481IRS, supra note 139, at 4.
1491d at 5; 26 U.S.C. § 48C(c)(1)(A)(i)(III).
1s 26 U.S.C. §§ 48C(d)(1)(B)-(d)(2)(C).
5'IRS, Supra note 139, at 7; 26 U.S.C. § 48C(d)(1).152 Author calculations derived from link provided in White House Press Release, Fact
Sheet: $2.3 Billion in New Clean Energy Tax Credits (Jan. 8, 2010), available at
http://www.whitehouse.gov/the-press-office/fact-sheet-23-billion-new-clean-energy-
manufacturing-tax-credits.
1s1 I.R.S., PLR 201208035 (Oct. 27, 2011). Although wind projects are generally not
eligible for the ITC, ARRA temporarily allowed wind projects to use the ITC so that they
would be eligible for the § 1603 grant-in-lieu of ITC program.
"4 26 U.S.C. § 611 0(k)(3).
155 26 U.S.C. §§ 6103(a), (b)(2)(B), 6110(c).
1s6 PLR, alpranote 153.
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"curtailments" when it is unable to transmit its electricity due to
transmission constraints. 157 The taxpayer plans to install a large storage
device whose primary use will be to store electricity to work around
transmission constraints and shift deliveries from off-peak hours to peak
hours in order to earn higher rates.'58  The storage device would be
comprised of a series of advanced lead batteries. Interestingly, the
energy storage will be paid for by a grant from the DOE.160 The amount
of the grant will be taxable income to the taxpayer, therefore the ITC
allowed by the ruling will offset the tax generated by the government
grant.'6 '
Teasing out the energy storage component of the research and
development tax credit is considerably more challenging, but it is clear
that government support for R&D is crucial to the future of the clean
energy industry.162 The Internal Revenue Code has provided a credit for
research and development expenses since 1981,163 but the credit has never
been permanent and has been extended fifteen times.'" The R&D credit
has also been substantially modified several times. 165 A complete history
of the R&D credit is beyond the scope of this article and would probably





162 Pew, supra note 127, at 43.
163 Economic Recovery Tax Act of 1981, Pub. L. No. 97-34, 95 Stat. 172 (codified at 26
U.S.C. § 41). In the alternative, R&D expenses may be deducted under § 174.
164 See Gary Guenther, Cong. Research Serv., RL31181, Research Tax Credit: Current
Law, Legislation in the 112th Congress, and Policy Issues - Summary (2012). See also
Kendall B. Fox et al., BNA U.S. Income Portfolio 556-2nd, Research and Development
Expenditures, Legislative History and Overview (citing the American Taxpayer Relief
Act of 2012 (ATRA), Pub. L. No. 112-240, § 301(a), extending the R&D credit through
2013).
165 GUENTHER, supra note 164.
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technologies in energy storage requires at least an introduction and
overview of the many criticisms of this tax benefit.
Congress enacted the R&D credit to encourage private R&D
spending, which had declined as a percentage of U.S. gross domestic
product since the 1960s.16 6  The credit is intended to stimulate R&D
spending by lowering the after-tax cost of qualified research.
Economists believed that a government subsidy for R&D was
necessary because society benefited more from R&D than the individual
companies that would be making the expenditures.167 The societal
benefits would include new products, productivity increases, or cost
reductions that benefit other businesses or consumers throughout the
economy. A variety of studies concluded that the median private rate of
return on R&D investment is about fifty percent of the median social rate
of return. 168
Generally, the credit only applies to specific types of spending
(qualified research expenditures ("QREs")) that exceed a base amount,
calculated with reference to the taxpayer's previous R&D spending.
QREs must satisfy four criteria: 1) the activities must be experimental in
the laboratory sense and be aimed at the development of a new or
improved product or process; 2) the research must seek technological
information; 3) the research should be directed towards gaining new
technical knowledge that is useful in developing a new or improved
product, process, technique, formula or invention to be sold, leased, or
licensed by the taxpayer; and 4) the experimentation must lead to a
produce or process with a new or improved function, performance,
reliability or quality.169  QREs specifically may not be aimed at
modifications of products solely for superficial stylistic purposes.
'6Id at 11.
161 U.S. Gov'T ACCouNTABiLIrry OFFICE, GAO-10-136, THE RESEARCH TAX CREDIT'S
DESIGN AND ADMINISTRATION CAN BE IMPROVED (2009).
6 GUENTHER, slpra note 164,at 22.169 26 U.S.C. § 41(d) (2013).
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Moreover, even if the goal of the research satisfies the statute, spending
for overhead or buildings and equipment do not qualify.
Calculating the credit is particularly difficult because there are
three alternative calculations that must be done, none of which are simple
or clear.170 The complex design of the research tax credit reflects the
policymakers' concern that tax incentives may produce windfalls, that is,
recipients may be rewarded for taking action that they would have taken
anyway without the tax incentive. Thus, the credit is designed to target
the additional (or marginal) amount the taxpayer spends only because of
the existence of the credit.171
The GAO found that the R&D credit is allocated arbitrarily and
inequitably among taxpayers and that most credit claimants received
substantial windfalls.172 In 2005, 549 large corporations (business receipts
in excess of $1 billion) received sixty-five percent of the net credits and
over seventy percent of the total credits claimed for the year.173 many
small businesses that are eligible for the R&D credit do not take it, in large
part because of the complexity. 174 The disparate distribution of incentives
and windfalls could cause misallocation of research spending across
economic sectors, reducing economic efficiency and diminishing the
economic benefits of the credit.' 75 The Congressional Research Service
reported that the R&D credit only provided a modest stimulus to domestic
R&D spending between 1998 and 2008, boosting spending somewhere
between 2.1 percent and 4.2 percent over what would have been spent
170 Se GUENTHER, supra note 164, at 5 - 7 (sample calculation).
171 U.S. Gov't Accountability Office, sipra note 167, at 5.1721d at 16.
173 Id. at 13.
174 Dean Zerbe, My a Tax Credit for Snall Bunesses Goe Underussi- and WMat




175 U.S. Gov't Accountability Office, Supra note 167, at 18.
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without the credit. 7 6 And despite the windfall, one large corporation
complained that the R&D credit was "one of the most significant areas of
complexity" for his firm. 77
The studies and critiques cited above focused on the regular
research credit and its alternate options, the alternative incremental credit
and the alternative simplified research tax credit. The Energy Policy Act
of 2005 added a research tax credit just for energy, the energy research tax
credit.' 7 8  The energy research credit is simpler than the regular R&D
credit as it is a flat twenty percent of qualified expenditures, rather than an
incremental credit. However, the credit may only be taken for
expenditures for qualified energy research performed by an "energy
research consortium." An energy research consortium must be either a
tax-exempt organizationl79 or an organization organized and operated
primarily to conduct energy research in the public interest. At least five
unrelated persons must contribute to the organization during the calendar
year, but no single person may pay or incur more than fifty percent of the
total. Thus, while calculating the credit itself is not difficult, making sure
that the expenditures were made to the appropriate organization could be
quite challenging and beyond the control of the taxpayer. The Joint
Committee on Taxation ("JCT") does not break out the energy research
credit from its estimate of the cost of the R&D credit, so it is unclear to
what extent companies use the energy research tax credit. so However, the
JCT did note that energy-related research receives a greater tax subsidy,
dollar for dollar, than other types of research and some argue that creates a
bias in favor of energy research.' 8 ' Nonetheless, as noted above, U.S.
176 GUENTHER, supra note 164, at 17.
n David R. Seltzer, Federal Income Tax Corrpliance Costs: A Cas Sudy of Hewlett-
Packard Conpany, 50 Nat'1 Tax J. 487, 490 (1997).
1 Energy Policy Act of 2005, Pub. L. No. 109-58, 119 Stat. 594 (codified at 26 U.S.C. §
41(a)(3)).
179 26 U.S.C. § 501(c)(3).
180 JT COMM. TAX'N, ESTIMATESOF FEDERAL TAx EXPENDITURESFORFISCAL YEARS
2012-2017at 30 (2013). The JCT shows a tax expenditure estimate of $6 billion for the
R&D credit in 2012.
181 Jr. CoMm. TAx'N, TAx INCENTIVES FOR REARCH, EXPERIMENTATION, AND
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industry R&D spending on energy is significantly lower than in other
industries.182 Energy R&D spending is only 0.3 percent of domestic sales,
while the communications and semiconductor industries spend over
twenty percent of domestic sales on R&D.183
Some states also provide tax subsidies for energy research.
Arizona provides a ten percent tax credit for investments in renewable
energy manufacturing, including R&D.184 Iowa provides a corporate
research tax credit, which applies to development and deployment of
innovative renewable energy generation component manufactured or
assembled in the state.'8  Colorado provides a 100 percent sales and use
tax refund of taxes paid on the sale, storage, use or consumption of
tangible personal property used in Colorado directly and predominately in
the research and development of clean technology.186 Hawaii provides a
100 percent investment tax credit over five years for investment in a high
tech business, which conducts more than fifty percent of its activities in
qualifying research, including development of non-fossil energy
technologies. Montana provides a fifty percent property tax abatement
for taxpayers owning renewable energy production facilities, renewable
energy manufacturing facilities, and renewable energy research and
development equipment.' 88 State incentives generally serve to support but
not drive technological innovation.' 89 The next section will address new
proposals to encourage energy storage development.
INNOVATION 19 (2011).
182 Jenkins & Mansur, Supra note 46, at 9.
183 Id.
'8 ARiz REV. STAT. §§ 43-1164.01, 41-1511 (2010).
18s IOWA CODE § 15.335 (2013).
186 COLO. REV. SrAT. § 39-26-403 (2009).
181 HAW REV. STAT. § 235-110.9 (2009).
188 MONT. CODE ANN. §§ 15-24-3111; 15-6-157 (2013).
189 Roberta F. Mann, Fearal, Sate and Local Tax Polides for Clirmate Change:
Coordination or Cross-Purpose?, 15 LEWIS & CLARK L. REv. 369, 384 (2011).
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V. ENVIRONMENTAL TAx PROPOSALS TO ENCOURAGE ENERGY STORAGE
DEVELOPMENT
Pervasive market barriers block the progress of energy innovation,
preventing access to private sector financing. o Markets fail when the
price of a good fails to take into account the unintended social costs of
producing and using the good. These social costs are called externalities.
Thus, the underpriced good (fossil energy) wins the competition against
the superior but fairly priced good (clean energy).191 When markets fail,
governments can step in to break down the barriers and allow markets to
regain functionality. 2 Governments can tax the underpriced good to take
into account the externalities, or governments can subsidize the alternative
good to make it more competitive. The most efficient method of
correcting market failure is taxing the under-priced good, but so far the
United States has been reluctant to use this more efficient method,
preferring subsidies to taxes. 193
Thus, unsurprisingly, existing proposals to support energy storage
take the form of tax incentives. Oregon Senator Ron Wyden, the chairman
of the Senate Energy and Natural Resources Committee, has been a strong
voice in favor of supporting clean energy generally, and energy storage in
particular.194 Wyden called energy storage "one of the most promising
opportunities for us. [It] is the way ... [to] create more opportunities for
more intermittent power-solar and wind." 95  Wyden and the other
Oregon senator, Jeff Merkley, have introduced a bill providing for a
' Jenkins & Mansur, supra note 46, at 3.
191 SHRUTI VAIDYANATHAN, ETAL., AMERICAN COUNCIL FOR AN ENERGY-EFFICIENT
ECONOMY, E136, OVERCOMING MARKET BARRIERS AND USING MARKET FORCES TO
ADVANCE ENERGY EFFICIENCY 60 (2013).192 %e generally A.C. PIGou, THE ECONOMICS OF WELFARE (1920).93 Roberta F. Mann, Back to the Future: Recoridations and Preiictions for Grae-e
Tax Policy, 88 ORE. L. REV. 355, 400 (2009).
'
94 Ari Natter, Wde Critidzes Proposal to Cut Funds for tsrch on Energy Sorage
Tednology, BNA GREEN INCENTIVES MONITOR (2013).
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twenty percent ITC for grid-connected energy storage.196 The bill, the
Storage Technology for Renewable and Green Energy Act of 2013,
defines energy storage as including PSH, CAES, fuel cells, batteries,
flywheels and thermal energy storage. It also allows the Treasury to add
other qualifying technologies, in consultation with DOE. The credit is
capped at a total amount of $1.5 billion, with no more than $40 million to
be allocated to any one project. The bill also includes a credit for
residential energy storage equipment. Representatives Chris Gibson and
Mike Thompson have introduced a similar bill in the House of
Representatives, providing for a thirty percent ITC.19 7
Other tax policy changes could help the clean energy industry.
The participants in the Pew Roundtable endorse modification of the master
limited partnership ("MLP") rules to include clean energy. 198 Partnerships
provide flow-through tax treatment to their owners, thus reducing overall
tax liability.' 99  However, publicly traded partnerships are generally
treated as corporations, resulting in two levels of tax liability.200 The MLP
provision allows publicly traded partnerships that invest in oil and gas
properties to avoid the double tax,20 1 but do not currently extend to
renewable energy properties. Extending the MLP provision to renewable
energy, including energy storage projects, would bring more venture
196S. 1030, 113th Cong. (2013). Senators Collins and King from Maine joined in
introducing the bill. Id
197 H.R. 1465,113 Cong., (2013).
198 Pew, supra note 127, at 46.
9 b,26 U.S.C. § 701 (2013).
200 26 U.S.C. § 7704.
201 26 U.S.C. § 7704(c) excludes partnerships with 90 percent or more passive income,
and § 7704(d)(1)(E) defines passive income as including "income and gains derived from
the exploration, development, mining, or production, processing , refining, transportation
(including pipelines transporting gas, oil, or products there of), or the marketing of any
mineral or natural resource (including fertilizer, geothermal energy, and timer), [or]
industrial source carbon dioxide, or the transportation of [biofuels]."
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capital to drive clean energy innovation.202 Professor Felix Mormann has
advocated this change. 203
The DOE anticipates that the energy storage industry will grow
from a $1.5 billion industry in 2010 to a $35 billion industry by 2020.204
The DOE also anticipates that the cost of energy storage will come down
by thirty percent by 2015.205 However, reaching those objectives will
require a significant government commitment.206 With current technology
and policies, researchers at the University of California ("Berkeley")
investigating pathways to reducing CO2 emissions concluded that energy
storage is not cost-effective. 207 The researchers examined ways to hold
CO2 emissions down to 450 parts per million ("PPM") and found that the
existing energy grid in the Northwest has enough flexibility to include up
to twenty-nine percent intennittent generation with smoothing from
hydroelectric and a limited amount of natural gas.208 The researchers
excluded energy storage from the calculations, considering it too costly
and inefficient, even when considering an additional carbon price. 209 Of
course, in other parts of the country with less hydropower, the calculations
may be different.
202 Senator Chris Coons, The Master Lirrited Partnership Parity Act, U.S. SENATOR
CHRISTOPHER COONS, available at http://www.coons.senate.gov/issues/master-limited-
partnerships-parity-act (last visited Aug. 29, 2013).
o3 Felix Mormann and Dan Reicher, How to Make Aewable Energy onpetitive NY
TIMES, June 1, 2012, http://www.nytimes.com/2012/06/02/opinion/how-to-make-
renewable-energy-competitive.html?pagewanted=all&_r-0.
204 U.S. DEP'T OF ENERGY, supra note74, at 6.
''dat 1.206 The DOE assumed a funding level of $200 million per year between 2011 and 2015.
Id at 1. The Obama administration has proposed cutting funding for energy storage
programs. Natter, sipra note 194.
James Nelson, et al., High-resolution modlaing of the wastern North Anrican powe
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Non-financial considerations also present barriers. The Electric
Power Research Institute ("EPRI") noted that traditional methods used to
evaluate clean energy resources do not adequately capture the range of
benefits provided by energy storage systems. 2 10  The Federal Energy
Regulatory Commission ("FERC") rules put a bright line between
generation and transmission assets in an effort to prevent energy market
manipulation. 2 11 This is problematic for energy storage systems, which
the FERC has not clearly identified as either generation or transmission
assets.212
VI. CONCLUSION
Tax incentives for energy storage may help facilitate a transition to
a clean energy economy. In designing tax incentives, the government
should take care to design them in the most effective way. Permanent tax
incentives, like those for the oil and gas industry, have long outlasted the
need for subsidy. Yet perennially expiring tax incentives, like those for
the wind industry, have lead to fluctuating investment and a "boom-and-
bust cycle." Ideally, subsidies would put clean energy on a pathway to
market competitiveness and then fade away. Researchers at the
Breakthrough Institute created a "wish list" for clean energy subsidies and
policies:
* Establish a competitive market
* Drive cost reductions and performance improvements
* Provide targeted and temporary support for maturing technologies
* Reduce subsidy levels in response to changing technology costs
* Avoid technology lock-out and promote a diverse energy portfolio
* Provide sufficient business certainty
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* Maximize the impact of taxpayer resources and provide ready
access to capital.2'
A still struggling economy and a federal government under
significant budget pressure puts government support for clean energy and
energy storage in jeopardy. Still, changing policies and judiciously
designed incentives, focusing on supporting research and leveraging
private investment in technologies like advanced energy storage that can
save government dollars by extending the life of the electrical grid as well
as mitigating climate change, would be a great investment in the future.
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213 Jenkins et al., supra note 128, at 38.
